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ABSTRACT 

A seven-day?  s t a t i c -renewa 1 , life-cycle  bioassay 
was  conducted  with  Cer i odaphn i a dub i a using  water  collected 
from  the  Yellowstone  River  between  Laurel  and  Huntley?  a?id 
from  six  discharges  and  two  tributaries  to  the  Yellowstone 
River.  Stations  were  established  in  the  mixing  zone  below 
three  discharges  to  determine  whether  instream  toxicity  from 
these  discharges  existed.  Ambient  water  was  collected  from 
four  stations  on  the  Yellowstone  River  to  determine  the 
combined  toxicity  from  point  and  non-point  sources  of 
pol  lution. 

All  test  waters  were  used  undiluted.  Test 
organisms  were  transferred  daily  into  newly  collected  test 
waters.  Mortality  and  reproduction  were  also  tabulated 
daily.  Samples  for  chemical  analysis  were  collected  and 
preserved  at  the  time  test  waters  were  collected.  Mortality 
and  reproduction  were  related  to  measured  c o nc en t r a t i o ns  of 
potential  toxicants. 

One  discharge?  the  Laurel  Wastewater  Treatment 
Plant  (WWTP)  effluent?  was  acutely  toxic?  causing  100’/. 
mortality.  Process  wastewater  discharges  from  the  Cenex? 
Conoco?  and  Exxon  oil  refineries  exhibited  chronic  toxicity 
by  severely  impairing  r epr oduc t i on . The  Exxon  cooling  water 
discharge  and  the  Billings  Wastewater  Treatment  Plant 
discharge  were  not  toxic.  Two  tributaries?  the  Clark’s  Fork 
River  and  the  Yegen  Drain?  were  also  not  toxic  to 
Cer iodaphnia . 

Chromium  and  zinc  were  identified  as  possible 
toxicants  in  the  Cenex  and  Conoco  discharges.  Un-ionized 
ammonia  was  possibly  the  toxicant  in  the  Exxon  process 
wastewater  discharge.  The  mortality  in  the  Laurel  WWTP 
effluent  could  not  be  related  to  any  measured  toxicant?  arid 
may  have  been  caused  by  a chlorine  residual  or  some  other 
u Cl  measured  toxicant. 

Thei'e  was  no  indication  of  toxicity  at  any  of  the 
seven  stations  on  the  Yellowstone  River.  Instead?  the  data 
indicated  a slight  stimulative  effect  on  reproduction  in  a 
direction  downstream  from  the  control  site  (Yellowstone 
River  at  Laurel). 

Replicate  samples  tested  by  the  U.S.  Env i r onment a 1 
Protection  Agency  (EPA)  in  a parallel  bioassay  provided 
similar  findings  of  toxicity.  However?  testing  of  unaltered 
and  dech 1 or i nated  samples  of  the  Laurel  WWTP  effluent 
indicated  that  the  mortality  was  probably  caused  by  a 
chlorine  residual. 
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1 . INTRODUCTION 

1.1  YELLOWSTONE  RIVER 

From  its  headwaters  in  and  near  Yellowstone 
National  Park  to  the  Billings  area,  the  Yellowstone  River 
flows  app r o X i ma t e 1 y 200  miles  through  land  predominantly 
agricultural  and  rural  in  nature.  In  this  reach , 
potentially  severe  impacts  to  water  quality  and  aquatic  life 
are  few.  The  river  receives  several  small  sewage  treatment 
plant  discharges  and  numerous  irrigation  return  flows.  No 
industrial  discharges  exist.  The  major  water  quality 
problems  are  heavy  sediment  loads  and  high  turbidity 
originating  in  Yellowstone  National  Park.  This  problem  is 
currently  the  subject  of  a cooperative  study  by  several 
federal,  state,  and  local  agencies  (Montana  DHES  1986). 

At  Laurel,  the  Yellowstone  River  enters  the 
largest  ur ban/ i ndus tr i a 1 area  in  the  state.  The  reach 
between  Laurel  and  Billings,  approximately  tliirty  miles 
long,  is  the  receiving  water  for  six  major  industrial  and 
municipal  dischargers.  These  include  two  wastewater 

treatment  plants,  three  oil  refineries  and  a coal-fired 
power  plant.  Intermittent  discharges  from  water  treatment 
plants,  storm  sewers,  and  several  small  and/or  seasonal 
industries  also  occur.  Irrigation  return  flows  are  numerous 
and  urban,  industrial,  and  agricultural  non-point  sources 
contribute  unknown  but  potentially  large  quantities  of 
pollutants  to  the  river  system.  The  nature  and  intensity  of 
development  suggests  that  adverse  impacts  on  water  quality 
and  aquatic  life  could  exist.  The  presence  of  substances  in 
c one en t r a t i o ns  toxic  to  aquatic  life  would  be  one  such 
man i f es t a t 1 on  of  degraded  water  quality. 

1.2  TOXIC  SUBSTANCES  CONTROL 

The  control  of  toxic  substances  is  becoming  the 
focus  of  state  and  national  efforts  to  further  improve  the 
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quality  of  discharges  and  their  receiving  waters.  The 
Federal  Water  Pollution  Control  Amendments  of  1972  (PL 
92-500)  and  the  Clean  Water  Act  of  1977  (PL  95-217) 
explicitly  state  that  it  is  the  national  policy  that  the 
discharge  of  toxic  substances  in  toxic  amounts  be  prohibited 
(U.S.  EPA  1985b).  The  M on  tana  Water  Quality  Act  requires 
adoption  of  toxic  effluent  standards  (Section  75-5-309 > . 
Montana  Surface  Water  Quality  Standards  prohibit 
concentrations  or  combinations  of  toxic  materials  in  surface 


waters  attributable  to  municipal,  industrial,  or 
agricultural  practices  or  discharges  (ARM  16.20.633).  On 
March  9,  1989  the  U.S.  Env i ronment a 1 Protection  Agency  (EPA) 
issued  a national  policy  statement  entitled  "Policy  for  the 
Development  of  Water  Quality-Based  Permit  Limitations  for 
Toxic  Pollutants  ( 99FR  9016-9019)"  (U.S.  EPA  1 985e ) , which 
recommended  the  use  of  biological  techniques  to  assess  and 
control  water  quality  in  general  and  toxic  substances  in 
particular . 

Pursuant  to  these  directives,  literature 


describing  bioassay  methods  and  techniques,  survey  design, 
effluent  testing,  and  permitting  and  enf o r c emen t has 
evolved.  Acute  toxicity  testing  methods  (U.S.  EPA  19"^  5; 
U.S.  EPA  1978)  have  developed  more  rapidly  than  chronic 
toxicity  testing  methods.  However,  in  the  last  five  years, 
several  methods  for  detecting  long  term  effects  of  low-level 
toxicant  concentrations  have  been  developed.  Presently,  EPA 
IS  finalizing  chronic  test  methodologies  for  three 
organisms:  the  fathead  minnow  P i meph a 1 e s p r o m e 1 a s ; the 
d a p h n i d Cer  iodaphnia  dub  i a ; and  t ri  e f r e s h - w a t e r alga 
Selenast  rum  capricornutum  (U.S.  EPA  1985b).  Toxicity 
testing  using  Cer  iodaphnia  is  becomirig  a preferred  bioassav 
technique  because  of  the  short  test  duration  (sey-en  days), 
the  organism’s  sensitivity,  and  the  relatively  low  capital 
out  lav'  for  test  equipment. 
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2.  OBJECTIVES 


The  objectives  of  this  bioassay  were; 

1.  to  screen  discharges  in  the  areas  of  Laurel 
and  Billings  for  toxicity,  using  the  organism 
Cer i odaphn i a dub i a ; and 

2.  to  determine  whether  the  quality  of  water  in 
the  Yellowstone  River  in  the  Laurel  and 
Billings  areas  is  degraded  by  point  and 
non-point  sources  of  pollution,  as  measured 
through  toxicity  tests  using  the  organism 
Cer i odaphn i a dub i a . 
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3 . STUDY  DESIGN 

The  State  of  Montana  Water  Duality  Bureau  ( WQB ) 
records  list  fourteen  permitted  dischargers  to  the 
Yellowstone  River  or  its  tributaries  in  the  Laurel  and 
Billings  areas.  Several  permittees  have  multiple  discharge 
points.  Some  discharges  are  small  in  volume,  are  used 
infrequently  or  intermittently,  and  would  not  likely  be 
toxic  because  of  the  nature  of  the  wastewater  (i.e.,  cooling 
water  or  gravel  washwater).  Two  criteria  were  used  to 
select  discharges  for  testing;  (1)  a large  volume  of 
wastewater  discharged,  and  (E)  the  probability  a discharge 
contained  toxic  substances,  based  on  the  source  of  the 
wastewater  and  on  se 1 f -mon i tor i ng  data  submitted  monthly  to 
WQB  by  permittees. 

Seven  discharges  were  selected  using  the  above 
criteria.  These  were  the  Laurel  and  Billings  municipal 
wastewater  treatment  plant  (WWTP)  effluents;  process 
wastewater  discharges  from  the  Farmer’s  Union  Exchange 
(Cenex),  Conoco,  and  Exxon  oil  refineries;  and  cooling  water 
discharges  from  Exxon  and  the  Montana  Power  Company  ( MPC ) 
Corette  power  generating  plant.  While  Exxon’s  process 
wastewater  and  once-through  cooling  water  are  discharged 
separately,  the  process  wastewater  discharges  from  Conoco 
and  Cenex  contain  some  cooling  water  from  their 
r- ec  i r cu  1 a t i ng  systems.  The  MPC  discharge  is  strictly 
once-through  cooling  water. 

Sampling  stations  were  established  on  the 
Yellowstone  River  for  two  purposes.  The  first  was  to 
determine  whether  certain  discharges,  if  shown  to  be  toxic 
to  Cer iodaphnia,  caused  instream  toxicity.  These  sites  were 
located  below  MPC,  the  Billings  WWTP,  and  Exxon.  Each  site 
was  estimated  to  be  within  the  mixing  zone  of  the  discharge 
because  of  its  proximity  to  the  discharge  point. 
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No  comparable  site  was  located  below  Cenex  or  the  Laurel 
WWTP  because  of  poor  access  to  the  river. 

Secondly,  ambient  stations  were  established  to 
assess  the  cumulative  impact  of  all  point  and  non-point 
sources  of  pollution  on  water  quality  and  toxicity.  These 
stations  were  located  above  Laurel,  below  the  Clark’s  Fork 
River,  above  Billings,  and  at  Huntley.  Water  from  these 
sites  was  assumed  to  be  fully  mixed  and  would  reflect  the 
additive  and  synergistic  effects  of  toxicants  from  all  point 
and  non-point  sources  upstream  of  each  site. 

Stations  were  also  established  on  the  Clark’s  Fork 
River  and  the  Yegen  Drain  just  upstream  of  their  confluences 
with  the  Yellowstone  River.  These  tributaries  generally 
have  poorer  quality  water  than  the  Yellowstone  River  and 
were  believed  to  be  possible  sources  of  toxicants.  The 
Yegen  Drain  also  receives  the  Conoco  discharge.  Its 

inclusion  was  necessary  to  assess  the  fate  of  toxicants 
which  might  be  present  in  the  Conoco  discharge.  Table  1 
lists  the  stations  where  test  water  was  collected  and  the 

rationale  for  their  selection.  Figures  1 through  4 show  the 

locations  of  sampling  stations. 

The  bioassay  was  conducted  in  late  August  because 
the  Yellowstone  River  is  near  its  annual  low  flow  at  this 

time.  Instream  dilution  of  wastewater  would  be  near  a 

minimum  and  the  potential  for  toxicity  would  be  greatest. 

A parallel  bioassay  was  conducted  by  Region  VIII 
ERA  in  Denver  using  samples  from  the  control  site,  the  three 
refinery  process  wastewater  discharges,  the  Laurel  WWTP  and 
Billings  WWTP  effluents,  and  the  Yegen  Drain.  Replicate 
samples  were  collected  on  the  first,  third,  and  seventh  days 
and  shipped  overnight  to  EPA.  This  parallel  bi 
conducted  to  verify  any  findings  of  toxicity. 


3 5 


k ■ 'J 

• J * ' 


■ t? 


, -1  -♦  r-,  - f. 


c*  ^ e»  a ji; -“SI  ’■*»?  -M' 

r . • ; ^ { ‘ *'  , f If  '■  'it-: 

‘ C . 'i , . 1»#l; 

■>  t.'.  , • ,-k<fc 

*v  » A O “4  S ('  W I.  C _i  i S ^ 4 

f 

1 » . it,-  i . i * • ’•  '*»  / 

t.  . • Si-*  .*r»  I . ■ --- -^.  i>«!  e ii  *-  ■ .’  I •■- 

iv*  -'  ■ ' * - '*  ”*  ’ * r 

<.  i • *Tf»  ■'♦*«»  1<- » U T ■ » .1- 

- On  . '*■  '■•  ■♦••■'  j* ' t. 

. ' r-»  ' !►■. 

-’’3  v<‘  i '•  ®ri5  ^-*  - 

- • J i r 

j •.  < /»ri  ••>!»^> 

»••  4 * i;  'PC'S/ 

« - •*  -l  u 1 3<T  i 

• 1 **  rf  - i <4i« 


4.*  ' 


*jnc 


^ I. 


-ir-  t 


.*>.1 


-J.  I ,.4 


* r.  A » n * 

“ ( I 

.D  ■ ■ P/ 

•>•  IjP"'*  i> ‘“S  -i’’'- 


*-,  i '■•'*  . 


T P'*. 

' ^ I ■ ' 

i'  Lotf  t •*  < » * 


4-!#'vi,^  ' •<  ■:;- i''  •-■9' 


f • 


^ 

• ■»  :■  4„ 


■.  -/- 


s ! r' 


t o li  V : .-  * q »‘ 

' / 

- f ;»■.  - !»-•  » j I 'l  AilQI 

* ^ ' ?l:  «*M#  ^ 

t i».r.#  •♦.»:- 

f t;c  i . «> 


«■  # 


w. . 

1 '^’ 
1 V. 
" '■%  > 


■■■*',.  : 


«(''y5L- 


1 


--i 


1.3*  c 


6 


Table  1 Sample  site  description  and  selection  rationale. 


Sampling  Location 

Station  Rationale 
and  Discharge  Flow 

1 . 

Yellowstone  River 
above  Laurel 

Control  site  and  ambient 
r i ver  site 

E. 

Cenex  (Farmer’s  Union 
Exchange ) 

Potentially  toxic  dis- 
charge - refinery  process 
wastewater  (0. 5-1.0  cfs) 

3. 

Laurel  WWTP 

Potentially  toxic  dis- 
charge - secondary  sewage 
treatment  (1.5-2. 5 cfs) 

^ . 

Clark’s  Fork  of  the 
Yell owstone 

Major  tributary  of  lower 
qua  1 i ty  water 

5. 

Yellowstone  River  below 
Clark’s  Fork 

Ambient  river  site 

6 . 

Yellowstone  River  above 
Billings 

Ambient  river  site 

7. 

Montana  Power  Company  ( MPC ) 
Corette  Plant 

Large  discharge  flow  - 
cooling  water  (90-125  cfs 

S. 

Yellowstone  River  below  MPC 

Mixing  zone  for  MPC 

9. 

Conoco 

Potentially  toxic  dis- 
charge - refinery  process 
wastewater  (0. 7-1.0  cfs) 

10. 

Yegen  Dr a i n 

Receiving  water  for 
Conocoj  irrigation  return 
and  urban  non-point  sourci 
flows 

1 1 . 

B i 1 1 i ng s WWTP 

Potentially  toxic  dis- 
charge - secondary  sewage 
treatment  (20-30  cfs) 

12. 

Yellowstone  River 
below  Billings  WWTP 

Mixing  zone  for  Billings 
WWTP 

13. 

Exxon  — (Cooling) 

Large  discharge  flow  - 
cooling  water  (60-70  cfs) 

1 9 . 

Exxon  - (Process) 

Potentially  toxic  dis- 
charge - refinery  process 
wastewater  (2-3  cfs) 

15  . 

Yellowstone  River 
be  1 ow  Ex  xon 

Mixing  zone  for  Exxon 

1 6 . 

Yellowstone  River 
a t Hunt  ley 

Ambient  river  site 
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Figure  1 Ambient  sampling  stations  on  the  Yellowstone  Kiver 
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Figure  2 Sampling  locations  in  the  vicinity  of  Laurel. 
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Figure  3 Upstream  samoling  stations  in  the  vicinity  of  Billings. 
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Figure  4 Downstream  sampling  stations  in  the  vicinity  of  Billings. 
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4 . METHODS 

^.1.  BIOASSAY  PROCEDURE 

Cer i odaphn i a were  obtained  in  June  1985  from 
cultures  maintained  by  U.S.  ERA  in  Denver.  Continuous 
cultures  were  subsequently  maintained  by  WQB . On  July  21, 
1986  water  was  collected  from  the  control  site  (Yellowstone 
River  above  Laurel)  for  use  as  culture  water.  Cultures 
using  this  water  were  started  July  25  and  maintained 
according  to  recommendations  (U.S.  ERA  1985b)  until  the 
bioassay  began,  app r o x i ma t e 1 y thr ee-and-one-ha 1 f weeks 
1 a ter . 

On  August  18,  cultures  and  equipment  were 
transported  to  Billings  to  prepare  for  on-site  testing. 
Upon  arrival,  brood  parents  were  isolated  in  individual  test 
beakers,  app r o x i ma t e 1 y 180  in  all.  This  was  done  to  ensure 
an  adequate  number  of  neonates  (young)  to  begin  the  test 
three  days  later.  Brood  parents  were  transferred  to  fresh 
water  and  fed  daily.  Testing  began  August  21  using  neonates 
between  two  and  seven  hours  old. 

Immediately  before?  beginning  the  first  day’s 
sample  collection,  brood  parents  were  inspected  for  neonate 
production.  At  this  time,  it  was  discovered  that 
app r o X i ma t e 1 y one-third  of  the  brood  parents  had  died.  The 
result  was  that  not  enough  neonates  were  available  for 
introduction  into  all  test  waters  at  the  same  time.  For 
this  reason,  test  waters  were  divided  into  two  groups. 
Neonates  were  composited  and  randomly  introduced  into  the 
first  group  (Table  1,  sites  2-9  and  13)  late  that  afternoon. 
About  f our -and -one-h a 1 f hours  later,  neonates  were 
introduced  into  the  second  group  (Table  1,  sites  10-12  and 
19-16).  Each  group  included  one  set  of  control  site 
replicates,  so  a comparison  could  later  be  made  to  test  for 
differences  in  the  two  groups  of  neonates.  The  mortality 
may  have  resulted  from  an  oxygen  sag  caused  by 
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bacterial  decomposition  of  organic  solids  in  the  culture 
water . 

The  bioassay  began  by  placing  one  neonate  in  a 
30-ml  disposable  plastic  test  beaker  containing  15  ml  of 
test  water.  For  each  test  water  except  the  control,  ten 
replicates  each  containing  one  neonate  were  used.  For  the 
control,  two  sets  of  ten  replicates  were  used,  one  set  for 
each  group  of  test  waters.  Culture  water  collected  in  July 
was  also  tested  to  assess  its  adequacy  for  use  as  culture 
water . 


Each  day,  test  organisms  were  transferred  to 
beakers  containing  newly  collected  test  waters  and  fed  0.05 
ml  of  a prepared  food  containing  dried  cereal  leaves,  yeast, 
and  trout  chow.  Mortality  was  noted  during  transfer  and 
offspring  were  tabulated  immediately  thereaf ter . 

Test  beakers  were  incubated  at  25°+ 1 °C  in  a 
Lab-Line  Ambi-Hi-Lo  Chamber . Test  beakers  were  capped  with 
a plastic  lid  to  prevent  evaporation  caused  by  the  air 
circulation  blower  in  the  incubator.  Lids  were  punctured 
minimally  to  allow  some  air  circulation  and  oxygen  exchange. 
The  temperature  of  the  incubator  was  monitored  with  a 
Ulea  ther -Hawk  seven-day  automatic  temperature 


A.  2 FIELD  SAMPLING 

Water  samples  were  collected  daily  for  seven  days 
beginning  August  21.  All  samples  were  instantaneous  grab 
samples.  Bioassay  test  waters  were  collected  in  one-liter 
polyethylene  bottles  and  were  cooled  until  used.  These 
waters  were  also  used  for  same— day  measurement  of  pH  and 
dissolved  oxygen.  Samples  for  common  ions,  total 
recoverable  (TR)  me  tals,  and  nutrient  analyses  were 
collected  in  200  ml  polyethylene  bottles.  Samples  for 
phenol  analysis  were  collected  in  glass  containers  from  oil 
refinery  process  wastewater  discharges  only.  Samples  for 
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chemical  analysis  were  preserved  following  EPA  guidelines 
(U.S.  EPA  1906b ) . 

Residual  chlorine,  which  is  toxic  to  Cer i odaphn i a 
at  very  low  concentrations,  was  known  to  be  present  in  the 
Laurel  WWTP  and  Billings  WWTP  discharges.  Because 

chlorination  is  an  approved  method  of  disinfection,  and 
because  chlorine  is  known  to  be  toxic,  no  useful  information 
would  have  been  derived  from  testing  a chlorinated  sample. 
These  two  discharges  were  therefore  sampled  before 
ch  1 or i na t ion. 

4.3  CHEMICAL  ANALYSIS 

The  dissolved  oxygen  concentr at i on  and  pH  of  each 
test  water  were  measured  daily.  Dissolved  oxygen  was 
measured  with  a YSI  Model  54A  dissolved  oxygen  meter 
calibrated  daily  and  verified  against  a Winkler  dissolved 
oxygen  titration.  The  pH  was  measured  with  a Hach  Model 
16400  portable  field  pH  meter. 

Toxic  substances  known  or  likely  to  occur  in 
discharges  were  heavy  metals,  ammonia,  phenols,  hydrogen 
sulfide,  residual  chlorine,  and  possibly  nitrite.  In  the 
two  discharges  where  chlorine  was  known  to  be  present 
(Laurel  WWTP  and  Billings  WWTP),  samples  were  collected 
before  chlorination.  Hydrogen  sulfide  was  excluded  frorri  the 
analysis  because  of  cost,  its  relatively  short  holding  time, 
and  its  rather  rapid  oxidation  to  non-toxic  sulfate  in 
wel 1 -o xygenated  water.  Sodium  was  included  because  of  its 
possible  inhibitory  effect  on  Cer i odaphn i a and,  because  it 
IS  a conservative  ion,  to  estimate  the  effluent 

c o nc en t r a t i o n in  the  mixing  zone  below  a discharge.  Other 
parameters  included  in  the  analyses  were  hardness, 

alkalinity,  and  specific  conductance. 

Because  a full  analysis  of  each  day's  samples  at 
every  site  was  impractical,  it  was  decided  to  tailor  the 
chemical  analyses  to  results  of  mortality  and  reproduction. 
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Where  toxicity  was  indicated,  a more  thorough  analysis  was 
necessary.  A thorough  analysis  of  ambient  river  water  was 
also  desirable  to  define  instream  conditions  and  determine 
changes  in  water  quality  from  point  and  non-point  sources. 
Mixing  zone  sites  were  established  to  determine  whether  a 
particular  discharge  caused  instream  toxicity  and  if  so,  to 
estimate  the  effluent  concent r a t i on  at  that  point.  These 
sites  were  not  considered  as  important  to  the  objectives  of 
the  bioassay,  and  did  not  require  detailed  chemical 
ana  1 ys i s . 

Samples  were  analyzed  by  the  State  of  Montana 
Chemistry  Laboratory  Bureau  of  the  Department  of  Health  and 
Env  i ronme?nt  a 1 Sciences.  Samples  submitted  for  analysis 
were,  in  most  cases,  composites  of  the  seven  daily  grab 
samples.  Composite  samples  best  represented  "average" 
conditions  under  which  a chronic  effect  occurred.  An  acute 
effect  would  necessarily  require  detailed  analysis  of  the 
sample  in  which  mortality  occurred. 
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5.  RESULTS 

5.1  BIOASSAY  RESULTS 

Tables  £ and  3 summarize  results  of  mortality  and 
reproduction  in  test  waters  from  river  sites  and  the  culture 
water . In  general?  mortality  and  reproduction  for  all  river 
sites  was  similar.  Mortality  was  107.  or  less?  and 
reproduction  averaged  between  S3  and  £7  offspring  for  the 
total  of  three  broods.  Reproduction  in  water  collected  from 
downstream  sites  and  below  discharges  was  slightly  higher 
than  in  the  control. 

Tables  4 and  5 summarize  results  of  mortality  and 
reproduction  in  test  waters  from  discharges  and  tributaries 
to  the  Yellowstone  River.  Many  of  the  discharges  exhibited 
toxicity.  The  Laurel  WWTP  discharge  was  the  most  toxic; 
1007.  mortality  occurred  on  the  first  day  of  the  test.  The 
method  used  by  plant  operators  to  chlorinate  the  effluent 
( ch 1 or i na t i on  in  one  of  the  two  final  clarifiers? 
alternating  daily)  presented  a possiblity  that  the  mortality 
was  caused  by  a chlorine  residual  in  the  test  water.  On  the 
sixth  day?  a sample  was  collected  from  the  unch 1 or i na ted 
clarifier  in  a bottle  treated  with  sodium  thiosulfate  to 
neutralize  chlorine  which  might  be  present.  Ten  neonates? 
all  less  than  £4  hours  old?  died  in  less  than  twelve  hours. 
Because  neither  test  water  was  actually  measured  for 
residual  chlorine?  the  possiblity  that  the  mortality  was 
caused  by  chlorine  cannot  be  excluded. 

The  Cenex?  Conoco?  and  Exxon  process  wastewater 
discharges  exhibited  chronic  toxicity.  Mortality  was  low 
(107.  or  less)?  but  reproduction  was  virtually  non-existent? 
with  only  five  neonates  being  released  in  water  from  the 
Exxon  discharge  (Table  £).  Mortality  was  highest  in  water 
from  the  Exxon  cooling  water  discharge  (307.  ).  Exxon  shock 
chlorinates  this  water  to  control  biological  growth?  and  the 
mortality  may  have  been  a response  to  a chlorine  residual. 
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Table  2 Reproduction  and  survival  data  for  days  3 through  7 for  culture  water  and  Yellowstone 


River  (YR)  sites.  All-Data  Reproduction  (Hamilton  1924)  is  a running  average  based  on 
daily  average  per  live  adult. 


Test  Solution 

Day 

No. 

A 

B 

C 

D 

Replicate  ^ 
E F 

6 

H 

I 

J 

No. of  No. of 
Live  Live 
Younq  Adults 

Young  i 
per  Live 
Adult 

Ail-Data 

Repro- 

duction 

Culture 

3 

- 

- 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

Hater 

4 

- 

- 

2 

0 

0 

3 

4 

4 

U 

3 

20 

8 

2.5 

2.5 

J 

- 

- 

9 

4 

2 

0 

0 

0 

0 

0 

15 

3 

1.9 

4.4 

6 

- 

- 

0 

0 

6 

9 

8 

11 

10 

10 

54 

8 

6.7 

11.1 

7 

- 

- 

10 

5 

« 

/ 

11 

11 

9 

10 

9 

72 

3 

9.0 

20.1 

YR  above 

3 

0 

0 

- 

0 

0 

0 

0 

0 

0 

0 

0 

9 

0 

0 

Laurel  11 

4 

5 

3 

- 

4 

4 

4 

ill 

4 

4 

4 

36 

9 

4.0 

4.0 

(Control ) 

5 

12 

0 

- 

0 

8 

3 

10 

9 

9 

9 

65 

9 

7.2 

11.2 

b 

0 

11 

- 

11 

0 

0 

0 

0 

0 

0 

EE 

9 

2.5 

13.7 

7 

b 

11 

“ 

9 

9 

9 

9 

11 

10 

3 

82 

9 

9.1 

22.8 

YR  above 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

0 

0 

Laurel  IE 

4 

4 

4 

5 

4 

b 

3 

0 

4 

5 

6 

41 

10 

4.1 

4.1 

(Control) 

C 

J 

0 

0 

0 

0 

0 

0 

4 

0 

0 

0 

4 

10 

0.4 

4.5 

b 

11 

11 

11 

12 

12 

11 

9 

14 

10 

12 

113 

10 

11.3 

15.3 

7 

3 

9 

10 

11 

10 

3 

9 

3 

9 

74 

10 

7.4 

23.2 

YR  below 

3 

0 

0 

0 

0 

0 

0 

- 

0 

0 

0 

0 

n 

W 

0 

11 

Clark's  Fork 

4 

u 

4 

4 

5 

4 

5 

- 

u 

4 

C 

J 

39 

9 

u ^ 3 

4.3 

River 

r 

J 

12 

10 

9 

0 

11 

11 

- 

3 

0 

0 

61 

w 

6.9 

11.1 

b 

0 

0 

0 

9 

0 

0 

- 

0 

9 

9 

27 

9 

3.0 

14.1 

1 

9 

10 

11 

13 

13 

12 

- 

11 

12 

12 

103 

9 

11.4 

25.5 

YR  above 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

0 

0 

Billings 

4 

4 

4 

4 

b 

4 

3 

a 

3 

3 

2 

37 

10 

3.7 

3.7 

C 

J 

9 

10 

10 

0 

3 

9 

9 

11 

9 

9 

84 

10 

3.4 

12.1 

6 

0 

0 

0 

10 

0 

0 

0 

0 

0 

0 

10 

10 

1.0 

13.1 

7 

11 

11 

12 

11 

10 

3 

12 

10 

9 

12 

106 

10 

10.6 

u J ■ / 

YR  at  Huntley 

3 

0 

0 

0 

0 

0 

0 

- 

0 

0 

0 

i » 

w 

0 

0 

a 

4 

3 

3 

4 

5 

u 

- 

0 

0 

0 

23 

r. 

1 

2.6 

u * u 

C 

•J 

iO 

0 

0 

0 

0 

\\ 

- 

J 

a 

6 

pi:; 

9 

2.7 

D . 5 

Cj 

0 

3 

10 

10 

10 

11 

- 

9 

11 

10 

79 

Q 

3.3 

14.1 

7 

13 

14 

14 

14 

13 

14 

- 

12 

* n, 

ij 

11 

lie 

9 

13.1 

27.2 

VR  below 

3 

0 

0 

0 

0 

0 

0 

0 

0 

- 

0 

0 

9 

0 

0 

Hontana 

4 

4 

U 

4 

4 

4 

4 

4 

3 

- 

2 

33 

9 

3.7 

3.7 

Power 

C 

J 

10 

7 

8 

7 

3 

3 

/ 

9 

- 

3 

72 

9 

3.0 

11.7 

Company 

b 

10 

0 

0 

0 

0 

0 

0 

0 

- 

0 

10 

9 

1.1 

12.8 

7 

0 

12 

9 

13 

10 

12 

9 

12 

- 

12 

39 

9 

9.9 

i;2.7 

YR  below 

3 

0 

0 

0 

0 

0 

- 

/} 

0 

0 

0 

0 

9 

0 

0 

Biliinqs 

4 

0 

j 

5 

4 

c 

J 

- 

b 

3 

3 

4 

35 

9 

3.9 

379 

HHTP 

C 

J 

c 

J 

0 

0 

0 

0 

- 

0 

0 

0 

0 

5 

9 

0.5 

4.4 

b 

10 

11 

11 

10 

12 

- 

9 

0 

9 

9 

81 

9 

9 . 0 

13.4 

7 

■j 

14 

19 

15 

15 

- 

13 

14 

14 

14 

122 

9 

1 3 , 6 

2".0 

VR  below 

3 

5 ) 

0 

0 

0 

(j 

0 

0 

r» 

> I 

0 

i 0 

0 

n 

£;<>;on 

3 

4 

3 

4 

4 

3 

tj 

4 

jj 

i V 

5.3 

3 . 3 

J 

3 

10 

0 

0 

0 

0 

9 

)i 

3 

0 

! •*) 

A V' 

3.0 

6.3 

b 

0 

0 

10 

10 

9 

10 

0 

9 

4 

10 

62 

10 

6.2 

12.5 

7 

12 

14 

13 

14 

12 

14 

15 

13 

11 

11 

129 

10 

12.9 

25.4 

^ A hyphen  (-) 

indicates 

no  reproduction  beca 

use  of 

test 

organism 

's  death  on 

first 

or  second 

test  dav. 
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Table  3 Total  nusber  of  young  produced  per  test  orqaniss  for  Yellowstone  River  (YR)  sites  and  culture 

water.  An  °X"  indicates  death  of  the  adult.  Average  is  calculated  using  Haailton’s  All-Data  Method 
of  Reproductivity  Analysis  (Haiilton  19BA). 


Replicate 

(Oroanisi) 

Culture 

Hater 

YR  above 
Laurel  1 
(Control) 

YR  above 
Laurel  2 
(Control ) 

YR  below 
Clark's 
Fork  River 

YR 

above 

Billinqs 

YR 

at 

Huntley 

YR  below 
Montana 
Power  Co. 

YR  below 
Billings 
HHTP 

YR 

below 

Exxon 

A 

A 

23 

18 

25 

24 

27 

24 

20 

24 

0 

X 

25 

24 

24 

25 

25 

23 

30 

27 

C 

21 

X 

26 

24 

26 

27 

21 

34 

27 

D 

9 

24 

27 

27 

27 

28 

24 

29 

27 

E 

15 

21 

28 

28 

22 

28 

EE 

32 

25 

F 

23 

21 

16 

28 

20 

29 

24 

X 

28 

S 

23 

23 

16 

X 

25 

X 

20 

28 

28 

H 

Eh 

24 

27 

23 

24 

26 

24 

17 

25 

I 

« » 
dH 

23 

23 

25 

21 

28 

X 

26 

13 

J 

22 

21 

27 

26 

23 

d 

EE 

27 

d J 

Total 

161 

205 

232 

230 

a/ 

245 

204 

243 

254 

Average 

20.1 

22.8 

23.2 

25.5 

23.7 

27.2 

22.7 

27.0 

25.4 

Standard 

Deviation 

5.79 

1.49 

4.78 

1.83 

2.21 

1.18 

1.45 

5.53 

2.95 

Standard 

Error 

1.83 

.471 

1.51 

.578 

.700 

.373 

.460 

1,75 

.933 

95X  Confidence 

15.9 

21.7 

19.8 

24.3 

EE.l 

26.4 

21.5 

23.0 

23.3 

Interval 

Eh. 3 

23.9 

26.6 

26.9 

25.3 

28.1 

23.8 

31.1 

27.5 
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Table  h Reproduction  and  survival  data  for  days  3 through  7 for  tributaries  and  discharges 


to  the  Yellowstone  River.  All-Data  Reproduction  (Hafflilton  1984)  is  a running  average  based 
on  daily  average  per  live  adult. 


Test  Solution 

Day 

No. 

A 

B 

C 

D 

Replicate  ^ 
E F 

e 

H 

I 

J 

No.  of  No.  of 
Live  Live 
Tounq  Adults 

Young 
per  Live 
Adult 

All-Data 

Repro- 

duction 

Clark’s  Fork 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

0 

0 

River 

4 

4 

3 

4 

4 

4 

4 

J 

4 

5 

4 

41 

10 

4.1 

4.1 

r 

J 

0 

9 

9 

12 

9 

0 

11 

0 

11 

9 

70 

10 

7.0 

11.1 

a 

8 

0 

0 

0 

0 

10 

0 

10 

0 

0 

23 

10 

2.3 

13.9 

/ 

10 

8 

9 

11 

10 

12 

11 

11 

10 

11 

103 

10 

10.3 

24.2 

Cenex 

3 

0 

0 

0 

0 

0 

0 

X 

0 

0 

0 

0 

9 

0 

0 

4 

0 

0 

0 

0 

0 

0 

- 

0 

0 

0 

0 

9 

0 

A 

5 

0 

0 

0 

0 

0 

0 

- 

0 

0 

0 

0 

9 

0 

0 

6 

0 

0 

0 

0 

0 

0 

- 

0 

0 

0 

0 

9 

0 

0 

7 

0 

0 

0 

0 

X 

0 

- 

0 

0 

0 

0 

8 

0 

0 

Laurel 

3 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0 

0 

0 

0 

wHTP 

4 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0 

0 

0 

r. 

u 

5 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0 

0 

0 

0 

a 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0 

0 

0 

0 

7 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0 

0 

0 

0 

Hontana 

3 

0 

0 

0 

0 

0 

0 

0 

- 

0 

0 

0 

V 

0 

ii 

Power 

4 

4 

4 

4 

J 

4 

2 

3 

- 

4 

4 

34 

9 

3.3 

3.3 

Cospany 

r 

J 

10 

9 

a 

9 

10 

11 

3 

- 

8 

9 

30 

9 

3.9 

12.7 

a 

9 

10 

9 

0 

12 

9 

0 

- 

0 

0 

49 

9 

5.4 

18.1 

7 

13 

0 

0 

12 

0 

0 

12 

- 

9 

11 

57 

9 

a. 3 

24 . 4 

Conoco 

3 

0 

0 

0 

0 

0 

0 

0 

0 

A 

0 

0 

10 

0 

f) 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

0 

0 

C 

J 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

0 

0 

a 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

A 

10 

0 

0 

n 

/ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

0 

0 

Yegen 

3 

- 

n 

0 

0 

0 

0 

- 

0 

0 

0 

0 

8 

0 

0 

Drain 

ii 

- 

ii 

u 

0 

4 

3 

- 

r 

.J 

Cj 

L 

29 

n 

(2 

3.6 

3 , 6 

J 

- 

ii 

r» 

u 

1 i 

- 

ii 

0 

1 i 

u 

;-i 

i i 

4 \ 

6 

- 

1 ii 

ii 

6 

w 

Q 

- 

8 

1 .'-H 

10 

/O 

3 

V u 

. J 

7 

- 

14 

12 

c 

13 

{} 

- 

13 

12 

14 

SO 

Q 

i ' ^ • 

iZ  J t 

Billings 

3 

0 

ij 

0 

0 

- 

0 

0 

- 

0 

0 

0 

3 

ii 

i j 

wwTP 

u 

3 

6 

5 

u 

- 

1 

1 

- 

c 

1 

7 J 

3 

2.9 

2.9 

c 

J 

0 

0 

0 

0 

- 

0 

0 

- 

0 

0 

0 

8 

0 . 0 

n n 
C . T 

6 

8 

9 

Q 

- 

u 

XI 

- 

2 

Q 

UU 

3 

5 . 3 

7 4 

7 

1 2 

i J 

11 

10 

- 

9 

- 

- 

0 

11 

66 

7 

V 4 

17. H 

Exxon 

3 

n 

- 

- 

n 

0 

0 

0 

- 

0 

0 

ij 

7 

n 

0 

Coo  lino 

u 

u 

- 

- 

3 

4 

J 

4 

- 

3 

A 

23 

7 

3.3 

•J  7 
0 • o 

Hater 

5 

5 

- 

- 

a 

3 

7 

a 

- 

A 

•7 

41 

7 

5 . S 

Q ^ i 

a 

ij 

- 

- 

0 

A 

0 

0 

- 

7 

} ) 

r 

7 

1 .0 

10. 1 

ii 

- 

- 

10 

> i? 

10 

V 

- 

1 i 

12 

pj 

7 

10.5  - 

So.i 

z.  0 n 

3 

0 

ti 

0 

0 

0 

0 

0 

0 

0 

( ‘ 

0 

1 

\) 

ii 

Process 

4 

; » 

u 

{) 

i i 

A 

0 

0 

ij 

ij 

0 

0 

10 

i j 

0 

Hater 

0 

A 

0 

0 

0 

0 

(i 

0 

0 

0 

>i 

Q 

9 

0 

0 

6 

- 

0 

> 

0 

ii 

ii 

A 

X 

0 

J 

3 

0.5 

0.5 

7 

- 

ij 

0 

0 

0 

A 

0 

0 

0 

A 

3 

0.0 

0.5 

1 ^ T~ 

A represents 

death 

of 

the  a 

dult. 

Hyphen  \ 

-)  indicates 

no 

reproduction  f 

01  low  me 

1 death 

of  the  adult 
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label  5 Total  nusber  of  young  produced  per  test  organisa  for  discharges  and  tributaries  to  the  Yellowstone 
River.  An  “X"  indicates  death  of  the  adult.  Average  is  calculated  Using  Haailton’s  All-Data  Hethod 
of  Reproductivity  Analysis  (Haailton  198A). 


Replicate 

(Organisa) 

Clark’s 

Fork 

River 

Cenex 

Laurel 

WHTP 

Rontana 

Power 

Cospany 

Conoco 

Yegen 

Drain 

Billings 

WWTP 

Exxon 

Cooling 

Exxon 

Process 

A 

SE 

0 

X 

36 

0 

X 

E3 

EO 

XA 

B 

20 

0 

X 

23 

0 

28 

EE 

X 

0 

C 

EE 

0 

X 

19 

0 

E7 

E5 

X 

E 

D 

E7 

0 

X 

E6 

0 

IE 

E3 

19 

3 

E 

E3 

XO 

X 

E6 

0 

E6 

X 

EE 

0 

F 

E6 

0 

X 

EE 

0 

IE 

lA 

EE 

0 

6 

E7 

X 

X 

E3 

0 

X 

X2 

19 

0 

H 

E5 

0 

X 

X 

0 

E6 

X 

X 

0 

I 

ES 

0 

X 

El 

0 

E9 

A 

El 

XO 

J 

Eh 

0 

X 

Eh 

0 

E8 

EO 

El 

0 

Total 

EhE 

0 

0 

EEC 

0 

188 

133 

lAA 

J 

Average 

EA.E 

0 

0 

Eh.h 

0 

E3.5 

17.3 

E0.6 

0.6 

Standard 

Deviation 

E.39 

0 

0 

h.93 

0 

7.7E 

8.3E 

1.A6 

1.90 

Standard 

Error 

.757 

0 

0 

1.56 

0 

2. Ah 

E.63 

.A63 

.A18 

m 

Confidence 

Interval 

EE.  5 
25.9 

0 

0 

E0.9 

ca.'j 

0 

17.7 

E9.2 

11.3 

EA.3 

19.5 

21.7 

1.6 

A - Unexplained  disappearance  on  day  5 
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This  chlorine  treatment  was  discontinued  on  the  third  day, 
and  survivors  thereafter  reproduced  normally  with  no  further 
mor  t a 1 i ty . 

Results  from  the  Billings  UlUITP  discharge  and  the 
culture  water  were  somewhat  ambiguous.  Mortality  was  30’/. 
and  SO’/.,  respectively.  Reproduction  was  quite  variable  in 
both  test  waters,  ranging  from  well  below  average  to  average 
compared  to  reproduction  in  the  controls.  Mortality  and 
reproduction  in  water  from  the  Clark’s  Fork  River  and  the 
Yegen  Drain  appeared  to  be  average. 

5.S  FIELD  MEASUREMENTS 

Ideally,  flow  in  the  Yellowstone  River  and  weather 
conditions  would  remain  fairly  stable  during  the  bioassay. 
However,  heavy  t hunder s t o r ms  occurred  in  the  area  the 
evening  of  the  third  day.  Substantial  turbidity  was 
observed  in  control  site  samples  on  the  fourth  day,  and 
continued  downstream  the  last  three  days,  although 
downstream  turbidity  appeared  less  severe  than  observed  in 
the  initial  storm  surge  upstream.  Flow  increased  from  4500 
cfs  the  first  day  to  over  5100  cfs  on  the  fourth  day  before 
receding.  This  event  had  no  noticeable  effect  on  the  test 
organisms’  survival  or  r ep r oduc t i o n . 

Tables  6 and  7 summarize  the  daily  measurements  of 
dissolved  oxygen  and  pH  on  test  waters.  All  measurements 
were  made  immediately  upon  return  to  the  bioassay  room, 
appr o X 1 mate  1 y six  hours  after  collection  of  the  first 
sample.  Measurements  were  made  only  occasionally  on  the 
culture  water  and  were  made  on  only  one  set  of  control  site 
r ep 1 1 c a t es  . 

Dissolved  oxygen  c o nc en t r a t i o ns  were  always  higher 
than  the  5.0  mq / 1 c one en t r a t i o n recommended  to  ensure 
survival . Cer iodaphmia  is  sensitive  to  changes  in  pH  as 
small  as  0.2  standard  units.  Although  there  was  some 
day-to-day  variation  in  pH  of  this  magnitude  in  some  test 
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Table  h Daily  dissolved  oxygen  data  (mg/1)  for  Yellowstone 
River  sites  and  discharges  and  tributaries  to  the 
Yellowstone  River  (YR). 


T est 
Water 

1 

2 

T e 
3 

s t D 

4 

a y 
5 

7 

YR  above 
Laur e 1 

8.30 

9.40 

9.85 

10.10 

8.90 

8.80 

8.90 

YR  below 
Clark’s  Fork 

8. 10 

8.85 

9. 15 

9.20 

8.30 

9.20 

8.55 

YR  above 
B 1 1 1 i ngs 

8.00 

9.00 

9.20 

9.40 

8.20 

8 . 95 

8 . 90 

YR  at 
Hunt  1 ey 

8.50 

10.65 

9.15 

9 . 65 

8.40 

8.40 

9 . 70 

YR  below 
Montana  Power 

7.75 

9.20 

8.55 

10.30 

8 . 35 

9 . 30 

7 . 90 

YR  be 1 ow 
B i 1 1 i ngs  WWTP 

8 . 80 

9.45 

8 . 65 

9.60 

8.15 

8.40 

9,70 

YR  below 
Exxon 

8.^0 

9.75 

8.75 

9.55 

7 , 90 

8 . 60 

9 . 20 

Cu 1 tur e Wa  ter 

— 

11.30 

10.90 

11.95 

— 

— 

— 

Clark’s  Fork 
R i ver 

7.70 

8.95 

8.30 

8,70 

8.10 

7 . 80 

8 . 35 

Cenex 

7 . 40 

7 . 55 

7 . 70 

8.15 

7 . 80 

7 . 40 

3.05 

Laurel  WWTP 

6.75 

— 

— 

— 

— 

— 

— 

Montana 
Power  Company 

6.90 

8.60 

7.55 

8.45 

7.50 

8.30 

7 , 55 

Conoco 

7 . 30 

a . 20 

7 . 70 

9 . 65 

7 . 90 

8 . 70 

7.55 

Yegen  Drain 

7.90 

8 . 95 

8.75 

a . 95 

8.10 

8.50 

9 . 40 

B 1 1 1 i ngs  WWTP 

6.10 

6 . 30 

6 . 00 

7 . 60 

6 . 30 

5 . 60 

8.05 

Exxon  Cooling 
Water 

7 . 00 

7 . 75 

7 , 25 

8.45 

6 . 90 

7 . 95 

7 . 30 

Exxon  Pi'ocGss 
Water" 

8.25 

7 . 95 

8 , 50 

8.00 

7 . 55 

9 . 70 

8.50 
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Table  7 Daily  pH  data  for  Yellowstone  River  sites  and  discharges 
and  tributaries  to  the  Yellowstone  River  ( YR ) . 


T es  t 

T e 

s t D 

a y 

Water 

1 

2 

3 

9 

5 

6 

7 

YR  above 
Laurel 

7.65 

8.00 

8.15 

8.15 

7.80 

7.65 

8.10 

YR  below 
Clark’s  Fork 

8.05 

7.90 

7.90 

8.00 

8.10 

8 . 20 

8. 10 

YR  above 
Billings 

8.00 

8.00 

8.25 

7.95 

7.50 

8.20 

8.10 

YR  a t 
Hunt  1 ey 

in 

OJ 

• 

CD 

8.30 

8 . 95 

8.30 

8.15 

8.10 

a . 75 

YR  below 
Montana  Power 

8 . 20 

8.05 

8. 10 

8.10 

CD 

■ 

O 

7 . 80 

8 . 20 

YR  below 
B i 1 1 i ngs  WWTP 

7 . 90 

8.20 

CD 

• 

m 

o 

8.15 

8.20 

8 . 00 

a . 50 

YR  below 
Exxon 

8.15 

in 

Ol 

• 

CD 

8.50 

8.25 

8.10 

8.10 

6.15 

Cu 1 tur e 
Water 

7.60 

8.05 

8.15 

8. 10 

8.10 

7.95 

8.15 

C 1 ar  k ’ s Fork 
R i ver 

8.00 

8.00 

8.10 

8. 10 

8.05 

7.80 

8.15 

Cenex 

7 . 60 

7 . 80 

7 . 90 

7 . 60 

7 . 60 

7 . 60 

7 . 75 

Laurel  WWTP 

7 . 75 

— 

— 

— 

— 

— 

— 

Montana 
Power  Company 

8.20 

7 . 95 

8.10 

8.10 

8.15 

7.80 

8.15 

Co  no  c o 

7.30 

7 . 60 

7.95 

7.60 

7.20 

7.30 

7 . 95 

Yegen  Drain 

7.95 

8.00 

8.10 

8.05 

8.05 

7.95 

8 . 35 

Billings 

WWTP 

7 . 75 

7 . 70 

7,70 

7 . 70 

7 . 85 

7.55 

a . 00 

Ex  xon  Coo  1 1 ng 
Water 

in 

Ol 

GG 

8 . 00 

8 . 25 

8.15 

8.10 

7 . 80 

a . 20 

Exxon  Process 
Water 

8.95 

8 . 30 

8 . 50 

8 . 90 

8.15 

8 . 95 

8 . 70 
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waters  and  some  test  waters  were  quite  different  from  the 
culture  water  in  pH,  this  did  not  appear  to  be  a factor  in 
the  survival  or  reproduction  of  test  organisms. 

5.3  CHEMICAL  ANALYSIS 

Water  quality  data  for  Yellowstone  River  sampling 
sites  are  summarized  in  Table  8.  Waters  collected  from 
three  ambient  sites  (above  Laurel,  above  Billings,  and  at 
Huntley)  were  analyzed  for  all  parameters.  The  major  change 
in  water  quality  occurred  below  the  Clark  Fork’s  River,  as 
specific  conductance,  hardness,  and  sodium  all  increased 
s i gn i f i cant  1 y . The  major  influence  was  the  Clark’s  Fork 
River  (Table  9),  in  which  values  for  these  parameters  were 
much  higher  than  in  the  Yellowstone  River.  Between  the 
Clark’s  Fork  River  and  Huntley,  changes  in  these  parameters 
are  essentially  insignificant.  Concentrations  of  potential 
toxicants  ( ammo nia  and  total  recoverable  metals)  did  not 
appear  to  be  high  enough  to  cause  toxicity. 

Table  9 summarizes  water  quality  data  for 
discharges  and  tributaries  to  the  Yellowstone  River,  The 
data  show  significant  differences  in  the  concentrat ions  of 
potential  toxicants.  Phenol,  which  was  measured  only 
in  discharges  of  refinery  process  wastewater,  was  less  than 
0.10  rng/i.  This  c o nc  en  t r a t i o n is  not  believed  to  be  toxic 
to  C e~ i o d ap h n i a (U.S.  EPA  1980a)  . Total  ammonia  was  highest 
in  the  Conoco  discharge  (5.17  mg/1)  although  the 

concentrat ion  of  un-ionized  ammonia,  generally  regarded  as 
the  toxic  form,  was  highest  in  the  Exxon  process  wastewater 
(0.27  mg/1).  The  n i t r a t e— n i t r i t e concentr at i on  was  highest 
in  the  Billings  WWTP  discharge  (12.2  mg  / 1 ) . Because  ttiere 
IS  only  very  limited  data  on  nitrite  toxicity  to  aquatic 
iife,  and  because  the  analytical  method  used  did  not 
distinguish  between  nitrite  and  the  non-toxic  nitrate  form, 
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Table  8 Water  quality  data  for  Yellowstone  River  (YR)  Bonitoring  sites  for  7-day  coaposite  saaples 


Un-ionized 


Site 

Specific 
Conductance 
uahos  at  25  C 

Hardness 
ag/l  as 
CaCO^ 

SodiuQ 

ffig/1 

Total 

Anaonia 

fflg/1 

Aaionia 
at  avg.  pH 
and  25  °C 

Nitrate- 

Nitrite 

fflg/l-N 

TR 

As 

ag/l 

TR 

Cd 

ag/l 

TR 

Cr 

aq/1 

TR 

Cu 

ag/l 

TR 

Pb 

ag/l 

TR 

2n 

®g/l 

YR  above 
Laurel 

244 

91 

15.3 

<.01 

<.01 

<.01 

.014 

<.005 

<.02 

<.01 

<.05 

<.005 

YR  below 
Clark’s 
Fork  River 

364 

138 

24.3 

“ “ 

~ “ 

YR  above 
Billings 

341 

128 

22.4 

.01 

<.01 

.10 

.011 

<.005 

<.02 

<.01 

<.05 

<.005 

YR  below 
Montana 
Power  Co. 

351 

130.7 

YR  below 
Billings 
WWTP 

403 

147.9 

28.7 

— 

— 

— 

— 

— 

— 

— 

— 

— 

YR  below 
Exxon 

359 

142.4 

24.2 

— 

— 

— 

— 

— 

— 

— 

— 

— 

YR  at 

368 

138 

25.6 

.02 

<.01 

.14 

.011 

< . 005 

< . 02 

<.01 

<.05 

<.005 

Huntley 
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Table  9 Hater  quality  data  for  tributaries  and  discharges  to  the  Yellowstone  River  (YR)»  for  7-day  coiposite  saeples 


Un-ionized 


Specific  Hardness 

Total 

Aesonia 

Nitrite- 

TR 

TR 

TR 

TR 

TR 

TR 

Site 

Conductance  ig/l 

Sodiui 

Phenol 

Aitaonia 

at  avg.  pH 

Nitrate 

As 

Cd 

Cr 

Cu 

Pb 

Zn 

ufflhos  at  25 as  CaCO 

ag/1 

ig/1 

sg/l-N 

and  25 

ag/l-N 

ag/1 

ag/1 

ag/1 

ag/1 

aq/1 

ag/1 

Clark's 

Fork 

River 

805 

337 

5h.h 

.01 

Cenex 

1362 

25A.5 

168 

.046 

2.76 

Laurel ^ 
HHTP 

1806 

5A2.7 

218 

.74 

Hontana 

Power 

Coapany 

35A 

130.2 

— 

— 

— 

Conoco 

1772 

261.4 

239 

.013 

5.17 

Yegen 

Dram 

1002 

357 

80.7 

— 

.01 

Billings 

HHTP 

1191 

395.8 

103 

— 

.05 

Exxon 

Cooling 

Hater 

358 

133.8 

— 

— 

— 

Exxon 

Process 

Hater 

997 

185.5 

116 

.097 

2.20 

:.oi 

.70 

(.001 

(.005 

<:.02 

<.01 

< . 05 

<.005 

.07 

<:.oi 

.040 

< . 005 

.15 

<.01 

<.05 

.382 

.02 

7.07 

.005 

<.005 

<.02 

<.01 

< . 05 

.016 

.07 

.10 

.030 

<.005 

.17 

<.01 

< . 05 

. 094 

;.oi 

1.28 

.008 

<.005 

<.02 

<.01 

<.05 

.011 

.01 

12.2 

.022 

< . 005 

<.02 

<.01 

<.05 

.025 

.27 

.01 

.001 

<.005 

<;.02 

A 1 

V t V i* 

<.05 

< .005 

1 


Analysis  of  first  day's  grab  saaples. 
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it  is  impossible  to  say  whether  toxic  concent r a t i ons  of 
nitrite  were  present  in  any  of  the  discharges. 

Sodium  concentrations  in  discharges  were 
approximately  five  to  ten  times  the  concent r a t i on  in  the 
Yellowstone  River.  The  highest  concentration  (239  mg/1) 
occurred  in  the  Conoco  discharge.  Limited  data  on  sodium 
toxicity  makes  it  uncertain  whether  this  concentration  could 
have  been  toxic. 

□f  the  total  recoverable  metals  data,  the  chromium 
concentr a t i ons  in  the  Cenex  (0.15  mg/1)  and  Conoco  (0.17 
mg/1)  discharges  appeared  to  be  high  enough  to  cause  a toxic 
effect  ( U . S . ERA  1980b).  Arsenic,  at  the  concentrations 
measured,  is  not  believed  to  have  been  toxic.  Some  of  the 
higher  zinc  concentrations  could  be  of  concern. 
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6 . STATISTICAL  ANALYSIS 

The  method  used  for  statistical  analysis  was 
developed  by  Hamilton  (198A)  and  modified  by  U.S.  EPA  (U.S. 
EPA  1989).  Known  as  the  " bootstrap”  and  "all  data 

estimator”,  the  method  is  a multiple  comparisons  test, 
similar  to  a t-test,  which  compares  all  pairs  of  test  sites 
for  significant  differences  in  survival  and  r epr oduc t i on . 

The  large  number  of  sites  in  this  bioassay  made 
possible  many  different  comparison  schemes,  or  groupings  of 
test  waters.  Careful  consideration  was  given  to  develop 
schemes  appropriate  for  the  design  and  objectives  of  the 
bioassay.  The  comparisons  made,  and  the  rationale  for  their 
selection,  were: 

1.  the  two  duplicate  sets  of  the  control,  to 

assess  quality  control  and  to  validate  all 
comparisons  made  between  the  two  groups  of 
test  waters.  A significant  difference 

between  the  two  controls  would  raise 

questions  about  the  similarity  of  the  two 
groups  of  neonates,  the  bioassay  methodology, 
and  the  validity  of  the  test. 

2.  test  waters  from  discharges  and  tributar'ies 
to  the  Yellowstone  River  and  both  controls  to 
determine  whether  responses  in  mortality  and 
reproduction  were  s i gn i f i cant  1 y different  and 
indicative  of  toxicity. 

3.  Yellowstone  River  ambient  test  waters, 
including  both  controls,  to  define  downstream 
changes  in  the  toxicity  from  both  point  and 
non-point  sources  of  pollution. 

9.  Yellowstone  River  ambient  and  mixing  zone 

test  waters,  including  both  controls,  to  test 
for  instream  toxicitv  attributable  to 
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Both  controls  were  used  in  the  multiple 
comparisons  tests  for  several  reasons.  Most  importantly?  in 
this  analysis  it  is  possible  to  find  the  two  controls  not 
significantly  different?  while  one  or  the  other  (but  not 
both)  could  differ  s i gn i f i c an t 1 y from  another  test  water. 
Using  one  set  or  the  other  would  bias  the  results.  Also? 
the  confidence  in  a finding  of  toxicity  would  be  greater  if 
a test  water  was  significantly  different  from  both  controls. 

Therefore?  the  criterion  used  to  establish 
toxicity  in  a discharge  or  tributary  was  "significant 
difference  from  both  controls"  in  mortality  or  r epr oduc t i on . 
Results  are  significant  at  the  0.05  level. 

6 . 1 CONTROL  SITE 

The  two  controls  were  not  statistically  different 
in  mortality  or  reproduc t ion . Therefore?  the  bioassay  can 
be  considered  valid  and  all  of  the  following  comparison 
schemes  were  considered  to  be  acceptable. 

6.2  TRIBUTARIES  AND  DISCHARGES  TO  THE  YELLOWSTONE 

RIVER 

Four  discharges  were  found  to  be  toxic  to 
Cer i odaph n i a (Table  10)  . The  Laurel  WWTP  discharge  was 
acutely  toxic?  with  100'/.  mortality  occurring  on  the  first 
day.  TIte  Cenex?  Conoco?  and  Exxon  process  discharges 
exhibited  chronic  toxicity.  No  reproduction  occurred  in  the 
Cenex  and  Conoco  test  waters.  Reproduction  in  the  Exxon 
process  wastewater  was  severely  impaired  (Table  A). 
Mortality  in  these  discharges  was  20*/.  or  less.  Although 
mortality  in  the  Exxon  cooling  water  was  30’/.?  this  was  not 
statistically  different  from  mortality  in  the  controls. 
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Table  10  Survival  and  reproduction  in  test  waters  from 
tributaries  and  discharges  to  the  Yellowstone 
River  ( YR ) compared  to  the  control,  Yellowstone 
River  above  Laurel. 


YR  above 

YR  above 

Laurel  1 

Laurel  S 

Cu 1 tur e 
Water 

Z 

• 

cn 

• 

N.S. 

Laurel  ^ 

S 

S 

WWTP 

Cenex  ^ 

R 

R 

Clark ’ s 
Fork  R i ver 

• 

CD 

• 

Z 

N.S. 

Nont ana 
Power  Co . 

N.S. 

N.S. 

Conoco  ^ 

R 

R 

Yegen 
Dr  a i n 

N.S. 

• 

CD 

• 

Z 

Billings 

WWTP 

N.S. 

N.S. 

Exxon 
Coo  ling 
Water 

R 

N.S. 

Exxon  ^ 

R 

R 

Process 

Water 

N.S.  Not  a significant  difference 
R Significant  difference  in  reproduction 

S Significant  difference  in  survival 

^ Indicates  toxicity  using  criteria  of  ’‘significantly 

different  from  both  controls". 
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Waters  from  the  Clark’s  Fork  River  and  the  Yegen 
Drain  were  not  toxic.  Inasmuch  as  the  Yegen  Drain  receives 
the  Conoco  discharge^  which  exhibited  chronic  toxicity?  it 
must  be  concluded  that  its  toxic  constituents  were  either 
degraded  or  diluted  by  other  flow  in  the  drain,  or  altered 
to  non-toxic  forms  (i.e.  metals  speciation). 

Reproduction  in  water  from  the  Billings  WWTP 
discharge  was  highly  variable,  as  measured  by  the  standard 
deviation,  although  it  did  not  meet  the  criterion  to 
estabjish  toxicity.  However,  this  variability  in 
reproduction  and  the  difference  between  reproduction  in  this 
discharge  and  in  one  of  the  controls  may  indicate  a very 
subtle  toxic  effect. 

The  culture  water  was  not  significantly  different 
from  the  controls  in  reproduction  or  mortality.  Culture 
water  thus  appears  to  have  been  acceptable. 

6.3  YELLOWSTONE  RIVER  AMBIENT  SITES 

Reproduction  and  mortality  in  test  waters 
collected  from  ambient  sites  was  not  s i gn i f i c an t 1 y different 
from  reproduction  and  mortality  in  the  controls. 
Reproduction  in  water  collected  at  Huntley  was  significantly 
higher  than  in  water  collected  above  Billings. 

6.6  YELLOWSTONE  RIVER  AMBIENT  SITES  AND  MIXING  ZONE 
SITES 

With  the  three  mixing  zone  sites  included,  the 
findings  of  the  comparison  of  ambient  sites  were  unchanged. 
However,  reproduction  in  water  collected  from  the  mixing 
zone  below  MFC  was  significantly  lower  than  in  water  from 
the  ambient  sites  below  the  Clark’s  Fork  River  and  at 
Huntley.  This  should  not  be  interpreted  as  a finding  of 
toxicity.  Rather,  the  evidence  suggests  a stimulative 
effect  at  these  two  ambient  sites  resulting  in  greater 
reproduction  (Table  11). 
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Table  11  Multiple  cosparisons  test  for  Yellowstone  River  (YR)  aabient  sites  and  aixing 
zone  sites  below  dischargesj  using  Haailton's  All-Data  Method  of  Reproductivity 
Analysis  (Haailton  1984). 


YR  above 
Laurel  1 

YR  above 
Laurel  2 

YR  below 
Clark’s 
Fork  R. 

YR  above 
Billings 

YR  below 
Montana 
Power  Co. 

YR  below 
Billings 
NHTP 

YR  below 
Exxon 

YR  at 
Huntley 

YR  above 
Laurel  1 

— 

YR  above 
Laurel  2 

N.S. 

— 

YR  below 
Clark’s 
Fork  R. 

+R 

N.S. 

YR  above 
Billings 

N.S. 

N.S. 

N.S. 

— 

YR  below 
Montana 
Power  Co. 

N.S. 

N.S. 

-R 

N.S. 

— 

YR  below 
Billings 
HWTP 

N.S. 

N.S. 

N.S. 

N.S. 

N.S. 

— 

YR  below 

Exxon 

N.S. 

N.S. 

N.S. 

N.S. 

N.S. 

N.S. 

— 

YR  at 
Huntley 

+R 

N.S. 

N.S. 

+R 

+R 

N.S. 

N.S. 

— 

N.S.  Not  a significant  difference 

R Significant  difference  in  reproduction 

(<•  or  -)  Indicates  direction  of  difference  of  row  site  relative  to  coluan  site  (i.e.  higher 
reproduction  at  Huntley  than  above  Billings) 
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7.  DISCUSSION 


7 . 1 


DISCHARGES  AND  TRIBUTARIES  TO  THE  YELLOWSTONE 
RIVER 


The  results  of  the  statistical  analysis  indicate 
that  four  discharges  were  toxic  to  Cer iodaphnia.  The  Laurel 
WWTP  discharge  was  acutely  toxic.  The  Cenex,  Conoco , and 
Exxon  process  wastewater  discharges  exhibited  chronic 
toxicity. 


A whole-effluent  bioassay,  such  as  this,  is  not 
designed  to  identify  specific  concentrations  of  known 
toxicants  and  relate  them  to  observed  effects,  although  in 
simple  effluents  it  may  be  possible  to  do  this.  A toxic 
effect  may  be  produced  by  known  or  unidentified  toxicants 
acting  syner g i s t i ca 1 1 y or  additively,  which  individually  may 
not  be  in  concentr at i ons  high  enough  to  be  toxic.  In 
addition,  some  toxicants  may  be  identified  only  by  expensive 
chemical  analysis,  which  was  beyond  the  scope  of  this  study. 

Potential  toxicants  previously  identified  as 
likely  occurring  in  discharges  were  heavy  metals,  ammonia, 
phenol,  sodium,  and  nitrite.  Un-ionized  ammonia  is 
generally  regarded  as  the  most  toxic  constituent  of  total 
ammonia.  Its  concent r a t i on  depends  on  the  temperature  and 
pH  of  the  water . Estimates  of  un-ionized  ammonia 
concentrations  were  calculated  from  the  total  ammonia 
concentr  at  i ons  of  the  seven-day  composites,  averacje  pH 
values  derived  from  the  seven  daily  pH  values,  and  the  E5°C 
temperature  of  the  incubation  chamber . For  reasons 
previously  mentioned,  it  is  impossible  to  determine  whether 
toxic  concentrations  of  nitrite  were  present  in  any  of  the 
disc  h ar  ges . 


A comparison  of  the  Cenex,  Conoco, 
process  discharges  is  valuable  because  the  toxic 
similar  even  though  the  chemical  analyses  of  the 
very  different.  Toxicity  in  the  Cenex  and  Conoco 
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was  anticipated  because  chromium  was  known  to  be  present  in 
potentially  toxic  concentrations.  The  criteria  document  for 
chromium  (U.S.  EPA  1980b)  cites  toxicity  to  Daphn i a maqna 
from  hexavalent  chromium  concentrations  as  low  as  0.01  mg/1 
(reduced  life  span  and  fecundity)  and  from  0.10  mg/1 
hexavalent  or  trivalent  chromium  (impaired  survival  and 
reproduction).  The  total  recoverable  chromium  concentration 
in  the  Cenex  discharge  (0.15  mg/1)  and  the  Conoco  discharge 
(0.17  mg/1)  suggests  that  chromium,  alone,  could  have  been 
responsible  for  the  lack  of  reproduction  in  these  two  test 
waters.  Also,  zinc  has  been  shown  to  have  a chronic  effect 
on  Daphn  i a maqna  at  concentrations  from  O.O'^?  mg/1  to  0.136 
mg/1  (U.S.  EPA  1980c).  At  concentrations  in  the  Cenex  and 
Conoco  discharges  of  0.382  mg/1  and  0.094  mg/1, 
respectively,  zinc  may  also  have  been  toxic. 

Because  chromium  and  zinc  were  absent  from  the 
Exxon  process  discharge,  apparently  some  other  toxicant 
impaired  reproduction  in  this  test  water.  All  other  metals 
were  at  or  below  detection  limits,  and  presumably  not  at 
toxic  concentr at i ons . The  criteria  document  for  phenol 
(U.S.  EPA  1980a)  has  no  chronic  toxicity  data  for  daphnids, 
but  acute  effects  for  various  species  of  Daphn i a have 
occurred  at  concentrations  of  tens  of  mg/1,  much  higher  than 
concentrations  detected  in  any  of  the  refinery  discharges, 
□f  those  toxicants  analyzed,  only  un-ionized  ammonia  appears 
to  have  been  at  a concentr at i on  high  enough  to  cause 
toxicity. 

The  highest  concentr a t i on  of  un-ionized  ammonia 
occurred  in  the  Exxon  process  discharge,  appr o x i ma t e 1 y 0.27 
mg/1  (Table  9).  Chronic  toxicity  at  slightly  higher 
concentrations  has  been  documented  for  two  cladocerans  (U.S. 
EPA  1985d):  Cer i odaphn i a acanth i na  (0.304  mg/1)  and  Daphn i a 
maqna  (0.527,  0.63,  and  1.2  mg/1  for  various  tests).  These 
values  indicate  that  un-ionized  ammonia  may  have  impaired 
reproduction  in  the  Exxon  process  wastewater  discharge.  The 
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estimated  concentra t i ons  of  un— ionized  ammonia  in  the  Conoco 
and  Cenex  discharges  were  probably  not  high  enough  to  have 
been  toxic. 

Oil  refinery  process  wastewaters  can  be  very 
complex  in  the  number  and  kinds  of  organic  compounds 
present.  The  chronic  effects  observed  in  the  refinery 
discharges  may  have  been  due  to  constituents  other  than  the 
few  identified  in  this  study. 

The  cause  of  mortality  in  the  Laurel  WWTP 
discharge  is  more  difficult  to  determine.  No  one  toxicant 
occurred  in  a concentration  high  enough  to  be  acutely  toxic. 
Because  the  effluent  had  a moderately  strong  odor  similar  to 
petroleum,  some  petroleum  derivative  may  have  been 
responsible.  The  possibility  remains  that  in  the  two 
samples  tested,  a chlorine  residual  was  present  in  a high 
enough  concentration  to  cause  100%  mortality. 

The  30%  mortality  in  the  Exxon  cooling  water  and 
the  Billings  WWTP  effluent  was  higher  than  in  all  other  test 
waters  except  the  Laurel  WWTP  discharge.  The  mortality  in 
the  Exxon  cooling  water  may  also  have  been  caused  by  a 
chlorine  residual.  Chlorine  is  injected  several  hours  a day 
for  controlling  biological  growth  within  this  cooling 
system.  This  treatment  was  discontinued  for  the  last  five 
days  of  the  test  and  reproduction  thereafter  appeared  to  be 
average  with  no  further  mortality.  The  cause  of  the 
mortality  in  the  Billings  WWTP  effluent  is  not  known. 

The  effects  of  sodium  toxicity  to  daphnids  are  not 
very  clear.  Tests  which  studied  the  toxicity  of  inorganic 
sodium  salts  to  Daphn i a magna  found  that  toxicity  depended 
largely  on  the  anion  involved.  The  100-hour  toxicity 
threshold  (50%  immobility  in  100  hours)  was  0 . 4E  mg/1  for 
sodium  chromate,  5Sh  mg / 1 for  sodium  carbonate,  and  L5h7 
mg/1  for  sodium  sulfate  (California  SWQCB ) . A AS— hour  LC-50 
of  IIOO-IAOO  mg / 1 sodium  chloride  was  noted  for  Daphn i a 
pu 1 ex  and  Cer i od aph n i a reticulata  (Arhelger  et  al.  undated). 
Sodium  concentrations  in  discharges  were  five  to  ten  times 
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the  concentrat ions  in  the  Yellowstone  River.  Too  little 
information  is  available  to  determine  what  effect  these 
higher  concentrations  of  sodium  might  have  had > if  any. 

Waters  from  the  Clark’s  Fork  River  and  the  Yegen 
Drain  were  not  toxic.  Presumably5  toxic  constituents  in  the 
Conoco  discharge  were  diluted  or  degraded  to  non-toxic 
concentrations  by  other  flow  in  the  Yegen  Drain.  Chromium, 
which  may  have  been  the  primary  toxicant  in  the  Conoco 
discharge,  was  not  detectable  in  the  Yegen  Drain  water. 

7.E  YELLOWSTONE  RIVER  SITES 

The  statistical  analysis  indicated  that  no 
toxicity  existed  at  any  of  the  Yellowstone  River  stations. 
Conversely,  a slight  stimulative  effect  in  a downstream 
direction  was  indicated.  Reproduction  was  higher  in  water 
from  Huntley  than  in  water  above  Billings  and  in  the  mixing 
zone  below  the  Montana  Power  Company  discharge. 
Reproduction  in  water  from  the  mixing  zone  below  Montana 
Power  Company  was  lower  than  in  water  below  the  Clark’s  Fork 
River.  Reproduction  in  water  below  the  Clark’s  Fork  River 
and  at  Huntley  was  higher  than  in  one  set  of  controls,  but 
no  t both. 

Water  quality  data  (Table  8)  show  slightly 
elevated  levels  of  arsenic  and  ammonia  in  the  Yellowstone 
River  but,  overall,  water  quality  appears  to  be  good. 
Specific  conductance,  sodium,  ammonia,  and  nitrate-nitrite 
increased  slightly  between  Billings  and  Huntley.  It  appears 
that  the  most  significant  influence  on  the  Yellowstone  River 
in  the  study  area  was  the  Clark’s  Fork  River , which  was  much 
higher  in  specific  conductance,  hardness,  sodium,  and 
n i t r a t e— n i t r i t e than  the  Yellowstone  River  at  Laurel.  None 
of  the  potential  toxicants  measured  in  the  Yellowstone  River 
water  were  at  concentr at i ons  which  would  have  been  toxic  to 
Cer 1 odaphn i a. 
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7.3  EPA  BIOASSAY 

Table  IE  summarizes  the  results  of  EPA ' s parallel 
bioassay.  The  most  significant  differences  between  the  two 
bioassays  occurred  in  the  reproductive  success  in  test 
waters  from  the  Conoco,  Exxon,  and  Laurel  WWTP  discharges. 

The  average  total  for  three  broods  in  the  Conoco 
test  water  (14.3)  and  the  Exxon  test  water  (15.0)  may 
indicate  the  presence  of  a relatively  non-persistent 
toxicant  in  these  discharges.  Dech 1 or i na t i on  of  samples 
from  the  Laurel  WWTP  resulted  in  normal  r eproduc t i on , 
indicating  that  the  acute  toxicity  observed  in  the  WQB 
bioassay  was  probably  caused  by  a chlorine  residual.  Except 
for  the  Laurel  WWTP,  the  findings  of  the  WQB  bioassay  were 
supported  by  the  EPA  bioassay. 
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Table  IS  Results  of  ERA  bioassay  using  control  site  water 
and  selected  discharges  to  the  Yellowstone  River. 


Test  Uater 

Percent 
Sur V i va 1 

Average  for 
Three-Brood 
Total 

St andard 
Dev i a t ion 

95’/. 

Conf i dence 
I nter va 1 

Ye 1 1 ows t one 
River  Above 
Laurel 

100 

S9.8 

1 . 99 

S8.4-31 .8 

Laurel  WWTP 
( ch lor i nated ) 

0 

— 

— 

— 

Laurel  WWTP 
( dech 1 or i nated  > 

100 

30.8 

3.  A9 

88 . 3—33 . 3 

Cenex 

100 

0.0 

— 

— 

Conoco 

100 

1-^.3 

6 . 50 

9.3-19.3 

Exxon  Process 
Wa  t er 

SO 

15.0 

4.8^ 

10.9-19. 1 

B i 1 1 i ngs 
WWTP 

80 

88. 5 

1 .85 

86 . 9—30 . 1 

Yegen  Drain 

100 

30.0 

1 .76 

88.7-31 . 3 
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8 . RECOMMENDATIONS 

ERA  Region  VIII  (Denver)  is  presently  developing  a 
toxic  substances  control  strategy  which  will  focus  on  the 
identification  and  control  of  toxics  in  wastewater 
discharges.  B i omon i tor i ng  will  be  a significant  element  of 
this  programs  and  biomonitoring  requirements  and  toxicity 
limits  will  likely  be  included  in  discharge  permits  for  all 
major  dischargers.  It  is  recommended  that  no  further 
extensive  testing  be  conducted  until  details  of  the  control 
strategy  are  finalized.  However?  a retest  of  the  Laurel 
WWTP  effluent  would  be  desirable  as  time  and  resources 
per m i t . 
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